Small intestinal bacterial overgrowth (SIBO) can partly explain irritable bowel syndrome (IBS), and rifaximin has been observed to improve abdominal symptoms in nonconstipated IBS patients. However, there are few reports on the association of the rifaximin treatment periods with the results of a lactulose breath test (LBT). Therefore, we performed a retrospective review of patient charts to investigate the relation between the rifaximin treatment periods with LBT results in nonconstipated IBS patients. We also evaluated the time to achieve a symptomatic improvement in the IBS patients as compared to the changes in the LBT. We reviewed the charts for patients who showed IBS symptoms with documented positive results for LBT during their initial visit and who had a follow-up LBT after treatment with rifaximin. The LBT values were compared to the subjects' symptom scores. A total of 102 subjects had a follow-up LBT to assess LBT normalization. The subjects were divided into groups according to treatment periods of 4 weeks (n = 36), 8 weeks (n = 43), and 12 weeks (n = 23). The groups with a longer treatment exhibited an increase in the hydrogen gas value at 90 min and its sum during 90 min at the initial LBT. There were significant differences in hydrogen gas value at 90 min and in its sum during 90 min at the initial LBT between the groups treated for 4 and 12 weeks. The most significant treatment response was observed during the first 4 weeks for all treatment groups. Symptomatic improvement occurred earlier than LBT normalization in the treatment period over 4 weeks. The results indicate that different rifaximin treatment periods are needed in accordance with LBT levels to effectively eradicate SIBO.
INTRODUCTION
Irritable bowel syndrome (IBS) is characterized by changes in the bowel habits and abdominal discomfort or pain without organic disease. Primary care physicians and gastroenterologists commonly encounter IBS, and the prevalence has been estimated to be as high as 12% during visits to a primary care physician and 28% on referrals to a gastroenterologist (1) . Although the precise etiology of IBS is still unknown, emerging evidence suggests that gut flora have a pathological role (2) . The corollary to this theory is that small intestinal bacterial overgrowth (SIBO) can partly explain IBS (3) . SIBO is in fact associated with IBS like symptoms, such as bloating, abdominal pain, and a change in bowel habits (4) .
The major treatment for IBS includes life style modification and symptomatic control, but many studies have demonstrated that rifaximin improved patients' abdominal symptoms in nonconstipated IBS with a SIBO origin (2, 5, 6) . Rifaximin is highly active against enteric bacteria, including anaerobes, due to the lack of intestinal absorption (7) , and it is reportedly without side effects and is suitable to treat acute as well as chronic conditions (8) . Recent randomized double blind studies have shown that rifaximin resulted in a greater improvement in abdominal symptoms and produced fewer side effects in nonconstipated IBS subjects (5, 6) .
Prior studies on rifaximin in nonconstipated IBS patients with SIBO indicated that the rifaximin treatment period was of only 7-14 days in most cases (2, 8, 9) , regardless of results of a lactulose breath test (LBT). In addition, a prospective large-scale study may also have difficulty in determining treatment durations according to the LBT values and not according to the symptoms. Furthermore, such a prospective study would be not easy since follow-up tests and long-term compliance would be difficult to achieve. In our practice, we have used rifaximin in nonconstipated IBS patients with SIBO since 2012, and we now report on our experience with the treatment period to manage abnormal LBT results with rifaximin.
In this study, we performed a retrospective chart review to investigate the appropriate treatment period in accordance with the LBT level in nonconstipated IBS patients with SIBO. In addition, this study compared the timing of the improvements in abdominal symptoms and the results of the LBT. Furthermore, we examined whether the gas levels assessed via LBT had any relation with global abdominal symptoms.
MATERIALS AND METHODS

Patients
Patients with abdominal symptoms, such as bloating, abdominal pain or discomfort, and abnormal bowel habit changes who visited the Health Promotion Center and the department of family medicine at Ajou University Hospital, Suwon, Korea from September 2012 through December 2013 were selected as the subjects of this study. The subjects were identified through an electronic search of the scheduling database of the clinic for the period between September 2012 and December 2013. We included subjects aged over 20 yr who had undergone gastroduodenoscopy, colonoscopy, and abdomen ultrasonography within the previous 2 yr as well as those with current IBS symptoms (assessed according to the Rome III diagnostic criteria for IBS) (10) at the time of the hospital visit. A total of 327 subjects with IBS symptoms had an LBT, and these subjects were included if they were described as having diarrhea, or mixed IBS and were excluded if they had history of, or symptoms consistent with, constipation-predominant IBS. We also excluded subjects with a history of other gastrointestinal disorders (such as inflammatory bowel disease (IBD) or peptic ulcer disease), allergic reaction to rifaximin, or who for 1 month prior to the study used antibiotics, probiotics or any other drug that could influence bowel function. In addition, patients with evidence of other organic, metabolic or psychiatric diseases that could impact the patient's compliance and those with poor medication compliance were also excluded. We selected 192 nonconstipated IBS patients with documented positive results for LBT during the initial visit and 102 subjects had negative results during the follow-up LBT after treatment with rifaximin (1,200 mg⁄day) (Fig. 1) .
Lactulose breath test
LBT was performed as follows: after measuring the baseline breath sample, the subjects ingested 10 g of lactulose (10 g lactulose in 15 mL water solution). The breath samples were then measured thrice at 20-min (min) intervals during the first 1 hr and 15-min interval 4 times during the following 1 hr. The samples were analyzed for hydrogen gas (H2) and methane gas (CH4), using a model Breath Tracker SC Quintron gas chromatograph (Quintron Instrument Company, Milwaukee, WI, USA) and the results were noted recorded in parts per million (ppm). A normal LBT was defined as 1) the baseline level at under 20 ppm or 2) the absence of a > 20 ppm rise in H2 or CH4 excretion over the baseline within 90 min. A subsequent gradual rise in H2 or CH4 was considered to be physiological given the non-absorbable nature of lactulose, its expected colonic fermentation, and the normal 90-100 min orocecal transit time in humans (6, 11, 12) .
The patient's baseline information included age, sex, bowel symptoms, medical history and global abdominal symptoms on a 7-point Likert scale (0, hardly any; 1, hardly; 2, somewhat; 3, moderately; 4, a good deal; 5, a great deal; and 6, a very great deal), and stool formation was checked using the Bristol stool scales. We classified subjects into 2 groups according to stool formation on the first visit to the hospital. The Likert score and Bristol stool scales were recorded for every patient visit. The date of every rifaximin (Normix, Alfa Wassermann, Bologna, Italy) treatment and LBT were recorded.
Study design
We investigated 1) the duration of effective treatment for SIBO patients, as assessed by the LBT level; and 2) the improvement in global symptoms reported by the subjects. If the abdominal symptoms at follow up decreased relative to those during the initial visit, we assessed the response to treatment via the subjects' symptom score. Although patients who had received initial rifaximin reported an improvement in abdominal symptoms, they underwent a follow-up LBT to assess the normalization. The subjects typically received an initial treatment with rifaximin for 4 weeks and subsequently retook an LBT every 4 weeks until it was normalized with maintenance medication. Even though an abnormal LBT could still be observed after 3 months of rifaximin treatment in some subjects with IBS, treatment was discontinued at this time since most patients felt improvements in their abdominal symptoms. Therefore, the maximal treatment duration was of 12 weeks. The 3 groups were then divided according to treatment duration: 4 weeks, 8 weeks, and 12 weeks.
Statistic analysis
The data were analyzed in order to determine adequate relief of global IBS symptoms during every visit, and the duration to achieve success for the treatment (defined as the duration in weeks between treatment periods with rifaximin) with a normalized LBT result. Statistical analyses were performed to compare the mean value of the initial LBT according to the treatment duration. We used a chi-square test to compare categorical variables and a t-test to compare continuous variables. We used a oneway ANOVA test to compare among treatment groups. All analyses were carried out in IBM SPSS 19.0 (IBM, Chicago, IL, USA).
Ethics statements
This study was approved by the institutional review board of the Ajou University Hospital (IRB No. MED-MDB-14-313). Informed consent was waived by the board.
RESULTS
A total of 102 subjects had normalized LBT results and symptomatic improvement. Of them, 36 received treatment for 4 weeks, 43 for 8 weeks, and 23 for 12 weeks. Fifty-eight subjects (57.4%) were male and 44 were females, and the mean age was 46.62 ± 10.91 yr (Table 1) . Most subjects had suffered from their symptoms for more than 2 yr (2.8 ± 1.5, range 5 months to 9 yr). Major symptoms included abdominal pain or discomfort, bloating, and diarrhea in both sexes. Bloating (93.2%), and fatigue (51.9%) were more frequent in females and abdominal pain or discomfort (88.2%), and diarrhea (77.6%) were more frequent in males ( Table 2) . The mean H2 values from the LBT results during the initial examination of the 3 groups are shown in Fig. 2 (12 weeks) . The results of the ANOVA indicated that the H2 values at 90 min and the sum of the H2 values in the LBT during 90 min were statistically significant (P value < 0.001), but the baseline group was not (P value = 0.039). A post hoc analysis between the treatment period for the 4 weeks group and the 12 weeks groups were statistically significant in terms of the H2 value at 90 min and its sum during 90 min. With respect to methanogenic infections, only 5 of the 102 nonconstipated IBS subjects had an abnormal CH4 gas result. Of these subjects, 2 patients were from the 4 weeks group, 1 from 8 weeks and 3 from 12 weeks. After treatment with rifaximin, the methoanogenic infection was normalized in 4 weeks for all groups.
A symptomatic evaluation of the 8 and 12 weeks treatment period groups showed improvement earlier than the time at which the LBT values had normalized (Table 3) . Most of the subjects exhibited noticeably improved abdominal symptoms after 4 weeks of treatment. The most significant treatment response was observed in the first 4 weeks and the symptoms gradually improved during the treatment period. A correlation analysis between the initial subjective symptoms and LBT results showed no significant relationship between the global symptoms and the LBT values during the initial visit (data not shown). On the other hand, the 102 subjects of this study confirmed normalization in their LBT results, and 41 subjects had abnormal LBT results after 12 weeks of medication. However, relative to the ini- tial results, the results at the 12 weeks follow-up showed a decrease in the LBT values and in the symptom scores in these groups with an abnormal LBT.
DISCUSSION
Previous studies have shown that rifaximin can effectively improve abdominal symptoms, such as bowel habit changes or bloating (6, 13) . However, few studies had investigated the treatment period to manage abnormal LBT results with rifaximin. In general, a 7-14 day treatment period has been noted in prior studies independently of the LBT values. Our data showed that higher LBT values were related to longer treatment durations, and an adequate treatment period was also effective in improving abdominal symptoms in all groups, as assessed using ROME III classifications, while subjective symptoms showed an improvement earlier than objective results. Up to 25% of individuals suffer from IBS symptoms, and the prevalence rate is increasing worldwide (14) . Patients with functional colonic symptoms showed improved responses to rifaximin with relief of their chronic gas-related symptoms and improvement in LBT values, which had been reported in a previous study (8) . Rifaximin is a rifamycin derivative with antibacterial activity caused by the inhibition of bacterial RNA synthesis. Physicians use rifaximin for SIBO patients since it is effective against both gram-positive and -negative bacteria, including aerobes and anaerobes, and acts topically in the gut lumen against bacterial overgrowth (15, 16) .
In this study, rifaximin was given to IBS patients for up to 12 weeks. This is a remarkable treatment period in that it is difficult for researchers to perform a long term antibiotic treatment in IBS subjects. The results indicated that even when treatment duration for a patient receiving rifaximin was long, the effectiveness was sustained. In addition, this study suggest that subjects do not develop clinical resistance because after 12 weeks of medication, even subjects with abnormal LBT results had a decrease in their LBT values and symptom scores relative to the initial values or scores. If resistance were developed, then it would be reasonable to presume that subsequent treatments would be less and less effective.
As previously stated, rifaximin is a critical treatment method for SIBO. The treatment duration as well as compliance by the patient are important factors that must be considered. We classified the treatment groups at 4 week intervals and compared the mean LBT value and global GI symptom between the groups. The present study found that higher LBT values were associated with longer treatment durations for LBT normalization. However, the gas levels assessed with the LBT were not associated with the subject's global abdominal symptoms although prior studies documented that methane levels were associated with the severe GI symptoms (17) (18) (19) . In addition, the initial global symptom scores among the groups according to the treatment periods were not significantly different in our data. These discrepancies may be a result of variations in the inclusion criteria for the subjects, the sample size, and study design. Furthermore, an assessment of the patients' global symptoms, and not the individual symptoms (bloating, nausea, vomiting and pain, etc.) may have contributed to the lack of significant differences among the groups with different treatment periods. However, we did find that elevated LBT values were associated with a longer treatment duration.
The abdominal symptoms reported by the patients improved earlier than objective measurements. Although we cannot rule out a placebo effect for the improvement in early symptoms, if patients' abdominal symptoms are relatively subdued after taking medication, patients may not find it necessary to contact the doctor. When abdominal symptoms affect daily life or exceed the tolerance threshold of the individual, then the patients will seek medical attention again, which could contribute to the incidence of IBS relapse. In addition, when rifaximin treatment is administered in response to IBS symptoms, a premature termination of the treatment can happen while SIBO still exists. Indeed, two weeks of rifaximin leads to frequent relapse of symptoms, possibly due to an incomplete treatment for SIBO (2) . Even when the current abdominal symptoms improve, the symptoms can recur at a later time. Thus, long-term tracking is required in order to further investigate such occurrences. This study had several limitations. First, the study is retrospective, but this is balanced by some strengths of our study. This study represents actual clinical experience with rifaximin use during a long period of time, whereas previous similar studies only considered a short period of time. In addition, it would be difficult to conduct and retain study participants in a long-term antibiotic treatment protocol. Thus, this chart review represents rather, how rifaximin treatment worked in a clinical practice over a long period of time. Second, we included subjects who had shown good compliance with medication and complete abdominal symptom relief, and a physician determined the treatment end-point. Another limitation was that some patients were lost during treatment before follow-up due to 1) symptoms significantly improving after medication use or 2) symptoms not improving as expected and the patient not feeling the need for hospital care. It was difficult to determine whether such interruptions where due to whether or not patients felt relief. However, our study had a high follow-up rate (71.3%), meaning that the influence of such cases was negligible. Third, even when LBT results had not normalized, rifaximin was not used for more than 12 weeks. This was due to prior studies that rifaximin resistance may potentially develop outside the gastrointestinal tract through the long term use of rifaximin (20, 21) . A high prevalence of Mycobacterium tuberculosis has been continually reported in Korea, hence physicians should pay attention to drug resistance. A further limitation of our study is related to the ongoing controversy regarding the validity and interpretation of the LBT in SIBO. The problems inherent to LBT include difficulty in distinguishing SIBO from rapid intestinal transit where similar gas production patterns were observed (22) . In fact, it has been suggested that LBT positivity in IBS patients may be related to rapid intestinal transit, and not SIBO (23) .
In conclusion, we here evaluated the appropriate treatment period with rifaximin in nonconstipated IBS patients with SIBO in accordance with their LBT levels. The clinical chart review of subjects with rifaximin-mediated eradication of bacterial overgrowth in the gut demonstrated that different treatment periods with rifaximin, according to LBT levels, were needed to improve IBS and normalize LBT. These findings suggest that the adjustment of the treatment period might be considered to provide more efficient management of SIBO symptoms.
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